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DATA REPORT 
THIRD ROUND OF STAGE 1 GROUNDWATER QUALITY MONITORING 
SITCUM WATERWAY REMEDIATION PROJECT 
PORT OF TACOMA, WASHINGTON 

 

1.0 INTRODUCTION 

This report summarizes the Third Round of Stage 1 groundwater quality 

monitoring data collected during March 2013 for the Sitcum Waterway 

Remediation Project (Figure 1) for the Port of Tacoma (Port).  Groundwater 

quality monitoring is associated with the Milwaukee Waterway nearshore 

confined disposal site (containment facility), which was filled with contaminated 

sediment and completed in 1995. 

The purpose of Stage 1 monitoring is to collect data to determine if certain 

constituents are being leached from the fill material and transported outside the 

fill area by groundwater.  The purpose of the overall groundwater monitoring 

program is to protect surface water quality from contaminants, which could 

potentially migrate in groundwater from the Milwaukee Waterway containment 

facility. 

The performance standard for this monitoring program is marine chronic criteria 

or ambient surface water quality if ambient concentrations are greater than the 

marine criteria.  The point of compliance for this performance standard is the 

sediment/surface water interface outside of the containment facility berm and 

peninsulas. 

The Stage 1 Groundwater Quality Monitoring Plan (Port 1998) set forth the wells 

to be monitored and the analyses to be conducted as part of the first round of 

Stage 1 monitoring.  The first round was completed in March 2003 (Port 2003a). 

As part of the Stage 1 data evaluation program, the monitoring results were 

compared to baseline conditions established during the baseline groundwater 

monitoring program as specified in the Operations, Maintenance, and 

Monitoring Plan (OMMP) for the Sitcum Waterway Remediation Project (Port 

1994). 

Baseline water quality monitoring included fifteen groundwater sampling and 

analysis events completed between March 1988 and November 1996.  The 

baseline monitoring period ended with the November 1996 sampling event, 

when Stage 1 monitoring commenced.  A minimum of eight baseline sampling 

events were completed for each monitoring well and results are documented in 
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the Baseline Groundwater Quality Data Report, Sitcum Waterway Remediation 

Project (Port 1997). 

The groundwater sampling and analysis was consistent with the Groundwater 

Sampling Operations Manual (Appendix A) included in the 1994 OMMP, with 

some modifications agreed to by the Port and EPA (EPA 2003a and 2003b, and 

Port 2003b and 2004).  Analytical methods for Stage 1 groundwater monitoring 

were modified from Contract Laboratory Program procedures followed for 

baseline groundwater monitoring with EPA concurrence.  After discussions with 

EPA (Port 2003), the procedures for analyzing arsenic, copper, lead, and nickel 

were modified to achieve lower reporting limits.  Modifications included 

preparing samples by reductive precipitation to remove salt interference and 

then analyzing samples by EPA Method 200.8, ICP-mass spectrometry.  In its 

transmittal letter for Round 2 monitoring (Port 2008), the Port proposed to add 

zinc as an additional indicator metal to the analyte list, since zinc has 

increasingly been identified as a metal of concern at a number of sites in 

Commencement Bay.  EPA concurred with these recommendations and zinc 

was added to the analysis regime in 2013.  ALS/Columbia Analytical Services 

was the project laboratory. 

2.0 STAGE 1 GROUNDWATER QUALITY MONITORING PROGRAM 

2.1 Field Procedures 

Stage 1 groundwater sampling was consistent with the Groundwater Sampling 

Operations Manual (Appendix A) of the 1994 OMMP, with modifications 

agreed to by the Port and EPA (EPA 2003a and 2003b, and Port 2003 and 

2004). 

The groundwater level was measured using an electronic well sounder in the 

monitoring wells before purging.  Depths to groundwater were measured from 

the top of each well casing and converted to elevations as presented in 

Appendix A. 

Monitoring wells were sampled with peristaltic pumps using low-flow 

groundwater sampling procedures.  Disposable tubing was used to eliminate the 

potential for cross contamination during sampling.  Each well was purged until 

field parameters stabilized before sampling. 

During well purging prior to sample collection, the following groundwater field 

parameters were monitored using a Horiba U-22 Water Quality Monitor 

equipped with a flow-through cell: 
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 Turbidity in nephelometric turbidity units (NTU); 

 Temperature in degrees Celsius (C); 

 Dissolved Oxygen (DO) in milligrams per liter (mg/L); 

 Oxidative Reduction Potential (ORP) in millivolts (mV); 

 pH; and 

 Specific Conductance (EC) in millisiemens per centimeter (mS/cm). 

In accordance with the OMMP and modifications agreed to by the Port and 

EPA, purging was conducted until EC and turbidity measurements were stable 

(three successive measurements within ± 10 percent).  Temperature, DO, ORP, 

and pH readings were also recorded during purging.  The last set of pre-sampling 

field parameter measurements is presented along with the laboratory 

groundwater quality data in Table 1.  Appendix A provides copies of the field 

sampling forms that contain the field parameter measurements collected during 

purging. 

The samples collected for dissolved metals testing were filtered in the field using 

an in-line 0.45-micron filter, and saved in certified clean containers containing an 

appropriate preservative.  The groundwater samples were collected in pre-

preserved, certified clean containers provided by the laboratory.  Upon 

collection, the samples were stored in a cooler and packed with blue ice.  An 

appropriate chain of custody protocol was followed for sample tracking.  The 

samples were delivered by overnight courier to CAS. 

The following six baseline monitoring wells (Figure 2) were sampled during the 

Third Round of Stage 1 groundwater quality monitoring: 

 MW-1 and MW-1A located upgradient of the containment facility; 

 MW-5 and MW-7 located on the former Puyallup peninsula; 

 MW-10 located within the closure berm; and 

 MW-12 located on the former Sitcum peninsula. 

In addition, monitoring well MW-14, located within the containment facility, was 

also sampled. 

Groundwater samples collected from MW-14, while not part of the baseline 

monitoring program and not used to establish baseline conditions for 

performance monitoring, were used to provide data on geochemical conditions 

within the fill. 

General groundwater conditions for the baseline wells and MW-14 were 

consistent with previous sampling events.  Groundwater elevations were within 
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historical limits, and turbidity, temperature, pH, and conductivity were also 

comparable. 

Samples were collected on March 19, 2013.  Due to zero percent laboratory 

matrix spike recovery for dissolved arsenic, more samples were collected on 

April 16, 2013.  Samples collected from this second event were analyzed for 

dissolved arsenic only.  Sampling protocols for both events were consistent with 

the procedures outlined above. 

2.2 Laboratory Analyses 

Stage 1 groundwater samples were submitted to CAS for analysis of the 

following parameters: 

 Dissolved arsenic, copper, lead, and nickel as indicators of potential 

contaminant migration from the containment facility (Port 1997); 

 Salinity and total organic carbon (TOC) to monitor for potential salt wash-out 

effects (Port 1997); and 

 Zinc was added to the list of analytes following the Port’s request and EPA 

concurrence, and analysis of conventional water quality parameters (anions 

and common cations) was discontinued. 

Groundwater samples collected from well MW-14 (within the containment 

facility), while not part of the baseline monitoring program and not used to 

establish baseline conditions for performance monitoring, were also analyzed for 

the parameters listed above to provide additional data on geochemical 

conditions within the containment facility. 

Samples for baseline monitoring were analyzed using EPA CLP procedures.  

After discussions with EPA, procedures for analyzing arsenic, copper, lead, and 

nickel were modified from those specified in the OMMP to achieve lower 

reporting limits and to remove saltwater interference (EPA 2003a, 2003b).  Stage 

1 monitoring samples for metal analyses were prepared by reductive 

precipitation and were analyzed by EPA Method 200.8, ICP-mass spectrometry. 

3.0 ANALYTICAL RESULTS 

Laboratory analytical results for Round 3 of Stage 1 monitoring are summarized 

in Table 1.  For comparative purposes, Tables 3 through 9 provide historical 
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monitoring data for the baseline wells sampled for the current event and for well 

MW-14.  The laboratory reports from ALS/CAS are in Appendix B. 

Arsenic was not detected in either the initial or reanalysis of the six Stage 1 

monitoring wells and MW-14.  Table 1 and Tables 3 through 8 present arsenic 

results for the reanalysis. 

Copper was detected in all Stage 1 monitoring wells and in MW-14 at 

concentrations at or slightly above the method reporting limit of 0.1 g/L.  

Sample concentrations were below the marine chronic water quality criterion 

(i.e. criteria continuous concentration – CCC) of 3.1 g/L. 

Lead was detected in one Stage 1 well (MW-1A).  This concentration was only 

slightly above the method reporting limit of 0.02 g/L and was below the CCC 

of 8.1g/L. 

Nickel was detected in all Stage 1 monitoring wells and in MW-14.  These 

concentrations were slightly above the method reporting limit (0.2 g/L) and 

were below the CCC of 8.2 g/L. 

Zinc was detected in four Stage 1 monitoring wells (MW-1A, MW-7, MW-10, 

and MW-12) and in MW-14.  The concentrations were only slightly above the 

method reporting liming of 0.5 g/L and well below the CCC of 81 g/L. 

Based on analysis of indicator metals and conventional parameters, there 

appears to have been little or no change in containment facility fill conditions in 

MW-14 since post-construction baseline sampling in 1996 (Table 9). 

Chemical analyses were performed following the specifications of the Quality 

Assurance Project Plan (QAPP) for Groundwater Quality Analysis, a component 

of the OMMP (Port 1994), with modifications agreed to by the Port and EPA.  

Laboratory analytical data underwent two levels of quality assurance/quality 

control (QA/QC) evaluation.  The initial data reduction, evaluation, and 

reporting were carried out by the analytical laboratory.  The second level of data 

validation was performed independently by Hart Crowser.  Chemical data were 

reviewed for the following, as appropriate to the particular analysis: 

 Holding times; 

 Instrument calibration; 

 Blanks; 

 Detection limits; 

 Duplicates, blank spikes, and standard reference materials; 

 Precision and accuracy; 
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 Completeness; and 

 Data report formats. 

Results are acceptable for use as reported with the following exceptions: 

 Dissolved nickel results in all associated samples (MW-10, MW-14, 

MW-1400, MW-12, MW-1, MW-1a, MW-5, and MW-7) qualified as 

estimated (J) due to low matrix spike recovery; 

 Dissolved arsenic results were rejected (R) in associated samples due to zero 

percent matrix spike recovery (samples were spiked at 5 times the method 

detection limit) for samples collected on March 18 and 19; 

 Dissolved zinc results in MW-14 and its field duplicate sample (MW-1400) 

were qualified as estimated (J) due to the relative percent difference 

exceeding criteria; and 

 Dissolved arsenic results in all associated samples collected on April 16 

qualified as estimated (J) due to low matrix spike recovery (samples were 

spiked at 10 times the method detection limit). 

The data validation report with laboratory summary forms is presented in 

Appendix B. 

Groundwater data will be input to the Washington State Department of Ecology 

Environmental Information Management (EIM) database.  The Port will notify 

EPA once data are input to the EIM system. 

4.0 COMPARISONS TO BASELINE MONITORING RESULTS 

4.1 Control Chart Procedure 

Shewart-CUSUM control charts are the recommended statistical procedure in 

the 1994 OMMP for detecting changes in analyte concentrations in a well in 

comparison to baseline measurements as a component of the Stage 1 

monitoring.  Baseline and Stage 1 groundwater quality data used to construct 

Shewhart-CUSUM control charts for indicator metals for the six baseline 

monitoring wells are presented in Tables 3 through 8.  Historical and Stage 1 

groundwater quality data for MW-14 are presented in Table 9. 

The combined Shewhart-CUSUM control chart is the only statistical procedure 

that is directly recommended for use in intra-well monitoring by the EPA (EPA 

1989 and 1992), hence, its widespread use.  The control chart procedure is 

described in Section 7 of EPA’s Interim Final Guidance document, “Statistical 

Analysis of Groundwater Monitoring Data at RCRA Facilities” (EPA 1989).  The  
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EPA Unified Guidance for Statistical Analysis of Groundwater Monitoring Data at 

RCRA Facilities (EPA 2009) was reviewed to determine if the CuSum approach 

should be revised based on the new guidance.  Our review of the new guidance 

(Appendix C) determined that the current Shewart-Cumulative Sum control chart 

procedure with substitution of the reporting limit for non-detect results should 

continue to be used.   

The combined Shewhart-CUSUM control chart establishes two control limits to 

provide a sensitive early warning of increasing groundwater chemical 

concentrations.  The CUSUM limit, normally 5 standard deviations above the 

baseline mean, is the threshold value that, if exceeded by the cumulative sum, 

indicates a statistically significant increase in groundwater constituent 

concentrations.  The Shewhart control limit (SCL), normally 4.5 standard 

deviations above the baseline mean, is the concentration that, if exceeded in a 

sample, indicates an immediate release above background. 

Procedures used to develop control charts include the following: 

 Data are assumed to follow normal distributions.  Distributions could not be 

unequivocally determined because of the large number of undetected results 

for indicator metals.  However, conclusions from control charts using normal 

or lognormal distributions would be identical. 

 Reporting limits are used for non-detected baseline and Stage 1 monitoring 

results.  The reporting limit is defined as the lowest reproducible 

concentration at which a chemical can be accurately and reproducibly 

quantitated for a given sample.  It normally corresponds to the lowest 

calibration standard (practical quantitation limit) but for metals, which use a 

one-point calibration, it is set as a multiple of the method detection limit. 

 Statistical parameters used for construction of Shewhart-CUSUM control 

charts are: 

 “h” (CUSUM limit, decision interval value) = 5 standard deviations above 

baseline monitoring mean concentration; 

 “k” (reference value) = 1; and 

 “SCL” (Shewhart control limit) = 4.5 standard deviations above baseline 

monitoring mean concentration. 

Baseline monitoring results, while not usually presented on Shewhart-CUSUM 

control charts, were added to allow a visual comparison of results over the 

baseline and Stage 1 monitoring rounds.  Curve smoothing, rather than line 

segments between data points, is the default for the software routine used to 
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create control charts and does not impact the conclusion that concentrations are 

unchanged from baseline results and have not exceeded control limits. 

Using results for arsenic in MW-5 as an example (Table 5), the baseline 

monitoring average concentration is 4.9 g/L (using the detection limit for non-

detects) with a standard deviation of 2.1 g/L.  The SCL (4.5 times the standard 

deviation above the mean) is 14.4 g/L and the CUSUM limit (5 times the 

standard deviation above the mean) is 15.5 g/L (Figure 11).  If the cumulative 

sum (plotted blue line) exceeds either of these warning limits, an increase above 

baseline is indicated. 

The control charts for arsenic, copper, lead, and nickel for the six Stage 1 

monitoring wells are presented on Figures 3 through 26.  Control charts are not 

presented for zinc or for containment fill well MW-14 because they were not 

part of the baseline monitoring program and are not used for performance 

monitoring. 

4.2 Results and Conclusions 

The groundwater monitoring program was designed to detect and evaluate 

possible long-term changes in groundwater quality in the areas surrounding the 

containment facility to ensure compliance with the performance standards.  

Stage 1 monitoring compares groundwater quality (all rounds) to baseline 

conditions.  Based on Stage 1 monitoring results, the monitoring program 

indicates that the performance standard at the point of compliance has not been 

exceeded.  This is easily deduced because there have been no increases above 

baseline conditions, let alone any statistically significant increases, at a given well 

for any of the indicator metals. 

Based on a review of the Shewhart-CUSUM control charts for indicator metals in 

the baseline wells presented on Figures 3 through 26, there were no increases 

above baseline conditions for any of the indicator metals in any of the Stage 1 

sampling rounds.  Neither the SCL nor the CUSUM warning limits were 

exceeded for any samples collected during the Stage 1 monitoring rounds.  As 

Stage 1 monitoring indicated no statistically significant increases at any given 

well in any of the rounds of monitoring and concentrations were well below 

marine chronic water quality criteria, Stage 2 monitoring is not proposed. 

As discussed in Section 2.2, dissolved arsenic, copper, lead, and nickel were 

analyzed as indicators of potential contaminant migration from the containment 

facility while salinity and TOC results are used to monitor potential salt wash-out 

effects that might remobilize metals.  Conventional parameters including 

alkalinity, major cations (calcium, iron, manganese, magnesium, potassium, and 
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sodium), and anions (chloride, sulfate, sulfide, and total phosphate) were 

analyzed in baseline sampling events only to provide information on 

geochemical conditions within the containment facility.  Conventional parameter 

results in samples from the six baseline monitoring wells were relatively 

unchanged over the baseline monitoring period (Port 1997).  Therefore, 

conventional parameter analysis was not required for Stage 1 monitoring of 

these six wells. 

Review of conventional parameter data for MW-14 covering six sampling events 

between August 1996 and March 2008 (Table 9) confirms that conventional 

analyte concentrations are also relatively constant at the MW-14 well location 

within the facility fill.  In its transmittal letter (Port 2008) for the draft Second 

Round of Stage 1 groundwater monitoring report, the Port requested that 

analysis of major cations (calcium, iron, manganese, magnesium, potassium, and 

sodium), anions (chloride, sulfate, sulfide, and total phosphate), and alkalinity be 

discontinued based on the consistency of conventional parameters over the past 

12 years, and the fact that these analytes are not indicators of contamination.  As 

a result, analysis for cations, anions and alkalinity was not performed during the 

Third Round of Stage 1 monitoring. 
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Table 1 - Analytical Results for Groundwater Samples from Stage 1, Round 3

Sample ID MW-1 MW-1A MW-5 MW-7 MW-10 MW-12 MW-14 MW-1400
Sampling Date

MW-14 Duplicate
Conventionals in mg/L

Total Organic Carbon 14 5.9 7.6 21 1 5 14 14
Salinity (g/kg) 2 2 11.1 19.2 19.6 22.3 23.6 23.7

Dissolved Metals in µg/L
Arsenica 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ
Copper 0.2 0.2 0.1 0.2 0.4 0.1 0.2 0.3
Lead 0.02 U 0.02 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 
Nickel 0.7 J 0.9 J 1.1 J 0.4 J 1.5 J 0.8 J 0.9 J 1 J
Zinc 0.5 U 0.7 0.5 U 0.9 1 0.7 1.4 J 2.3 J

Field Parameters
pH 7.88 8.32 8.03 7.81 7.5 7.86 7.49 7.49
Temperature in °C 14.5 14.2 13.2 13.5 12.4 13.7 12.7 12.7
Conductivity in mS/cm 0.649 0.336 17.7 27.1 29.7 31.2 34.4 34.4
Dissolved Oxygen in mg/L 3.39 3.47 0.3 6.99 6.6 12.2 9.09 9.09
Turbidity in NTU 9.8 1.9 2.1 21 1.3 1.6 1.2 1.2
ORP 1 -16 -87 23 99 34 34 34

a - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013

3/19/2013 3/19/20133/19/2013 3/19/2013 3/19/2013 3/19/2013 3/19/2013 3/19/2013
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Table 2 - Monitoring Well Coordinates

Well ID Northing Easting
MW-1* 708437 1165208
MW-1A* 708439 1165175
MW-2 NA NA
MW-3 NA NA
MW-4 710175.9228 1164812.389
MW-4A NA NA
MW-5* 709724 1163887
MW-5A NA NA
MW-7 710872.5977 1163196.621
MW-8 710310.7201 1163514.845
MW-9* 710995 1163102
MW-10* 711320 1163495
MW-11 711581.2729 1163723.75
MW-12* 711055 1164178
MW-13 710631.1642 1164537.682
MW-14* 710196 1164036
Unknown* (near MW-12) 711066 1164287

Notes:

Horizontal Datum is Washington State Plane Coordinates (South Zone in Feet), NAD83

* Measured in the field in April 2008.  The coordinates of the remaining wells were obtained from a previous survey conducted in 1996

NA: Not available
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Table 3 - MW-1 Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-1 3/1/1988 5 U 2 5 U 2 U 0.3 12
MW-1 6/1/1989 5 U 1 U 5 U 2 U 0.41 24
MW-1 10/1/1989 5 U 3 5 U 2 U 0.3 14
MW-1 9/1/1990 5 U 2.9 U 3 U 7.1 U 0.35 12
MW-1 2/1/1991 5 U 1 U 3 U 2 U 0.31 13
MW-1 10/1/1991 1 U 1.1 U 1 U 0.3 U 0.32 J 11
MW-1 5/11/1993 3 U 0.4 U 1 UJ 0.6 U 0.35 15
MW-1 2/15/1995 5 U 1.5 U 1 U 0.87 U 0.37 17
MW-1 8/14/1995 5 U 0.46 U 1.8 U 0.4 U 0.25 26
MW-1 2/20/1996 5 U 4.5 U 1.6 UJ 0.49 U 0.32 17
MW-1 8/14/1996 1 UJ 0.65 U 1 U 0.5 U 0.34 U 30
MW-1 3/26/2003 0.5 U 0.1 U 0.04 0.2 U 2 U 8.3
MW-1 3/28/2008 0.5 UJ 0.1 U 0.02 U 0.2 U 0.2 U 21.6
MW-1 3/19/2013 0.5 UJ 0.2 0.02 U 0.7 J 0.5 U 2 14

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

Zinc
in mg/L

Salinity
in g/kg

TOC
in mg/L

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 4 - MW-1A Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-1A 3/1/1988 5 U 3 5 U 4 0.48 U 18
MW-1A 6/1/1989 5 U 1 U 5 U 2 U 0.88 34
MW-1A 10/1/1989 5 U 4 5 U 2 U 0.7 25
MW-1A 9/1/1990 5 U 2.9 U 10 U 7.1 U 1.02 19
MW-1A 2/1/1991 5 U 1 U 4.8 2 U 1 22
MW-1A 10/1/1991 1 U 1.1 U 1 U 1.5 U 0.82 J 35
MW-1A 5/11/1993 3 U 4 U 1 UJ 6 U 1.03 24
MW-1A 2/15/1995 5 U 53 1 U 50 U 1.3 27
MW-1A 8/14/1995 5 U 2 U 1 U 4 U 0.88 44
MW-1A 2/20/1996 5 U 3.6 U 8 J 6.7 0.88 25
MW-1A 8/14/1996 1 UJ 0.64 U 1 U 0.71 J 0.95 34
MW-1A 3/26/2003 0.5 U 0.1 0.02 U 0.2 U 2 U 31
MW-1A 3/28/2008 0.5 UJ 0.1 U 0.05 0.4 2 U 30.4
MW-1A 3/19/2013 0.5 UJ 0.2 0.02 0.9 J 0.7 2 5.9

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Zinc
in mg/L

Salinity
in g/kg

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 5 - MW-5 Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-5 3/1/1988 5 U 2 J 10 U 4 J 24.38 3.9
MW-5 6/1/1989 5 U 15 U 30 U 15 U 24.99 21
MW-5 10/1/1989 5 U 5 U 10 U 5 U 24.5 7.8
MW-5 9/1/1990 5 U 2.9 U 10 U 7.1 U 25.15 7.2
MW-5 3/1/1991 5 U 1 U 3 U 2 U 25 6.8
MW-5 10/1/1991 10 UJ 11 U 10 U 3 U 24.66 10
MW-5 5/11/1993 3 U 4 U 20 UJ 6 U 23.98 9.2
MW-5 2/15/1995 5 U 30 U 1 UJ 50 U 18 10
MW-5 8/14/1995 5 U 2 U 1 U 4 U 17.92 21
MW-5 2/20/1996 5 U 4.9 U 12.2 J 7.2 17.54 12
MW-5 8/14/1996 1 UJ 0.3 U 1 U 0.5 UJ 16.92 17
MW-5 3/26/2003 0.5 U 0.1 U 0.02 0.2 13.8 11
MW-5 3/28/2008 0.5 UJ 0.1 U 0.02 0.3 12 11.9
MW-5 3/19/2013 0.5 UJ 0.1 0.02 U 1.1 J 0.5 U 11.1 7.6

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Zinc
in mg/L

Salinity
in g/kg

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 6 - MW-7 Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-7 3/1/1988 5 U 5 U 10 U 2 J 21.83 24
MW-7 6/1/1989 5 U 15 UJ 30 UJ 15 UJ 23.06 82
MW-7 10/1/1989 5 U 5 U 10 U 5 U 22.6 43
MW-7 9/1/1990 5 U 2.9 U 10 U 7.1 U 22.81 29
MW-7 2/1/1991 5 U 1 U 3 U 2 U 23 30
MW-7 10/1/1991 10 U 11 U 10 U 3 U 22.97 210
MW-7 5/11/1993 3 U 4 U 20 UJ 6 U 22.46 40
MW-7 2/15/1995 5 U 30 U 1 UJ 50 U 23 32
MW-7 8/14/1995 5 U 2 U 1 UJ 4 U 22.57 49
MW-7 2/20/1996 5 U 2 U 3.3 J 4.2 22.59 29
MW-7 8/14/1996 1 UJ 0.44 U 1 U 0.5 UJ 22.14 44
MW-7 3/26/2003 0.5 U 0.1 U 0.03 0.2 U 22.3 22
MW-7 3/28/2008 0.5 UJ 0.1 U 0.02 U 0.2 U 21 31.9
MW-7 3/19/2013 0.5 UJ 0.2 0.02 U 0.4 J 0.9 19.2 21

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Zinc
in mg/L

Salinity
in g/kg

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 7 - MW-10 Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-10 2/16/1995 5 U 30 U 1 U 50 U 30 2.7
MW-10 5/18/1995 5 U 3 U 1 UJ 5 U 28.64 2.5
MW-10 8/16/1995 5 U 2 U 1.8 4 U 24.75 2.6
MW-10 11/14/1995 5 U 2 U 1 U 3 UJ 23.15 1.7
MW-10 2/22/1996 5 U 2 U 2 J 6 20.25 2
MW-10 5/21/1996 5 U 5.6 U 0.1 UJ 13.5 17.14 4.7
MW-10 8/15/1996 1 UJ 1.4 U 1.1 5.2 J 18.48 4.6
MW-10 11/12/1996 5 U 2.5 U 1 UJ 4 U 17.38 4
MW-10 3/26/2003 0.5 U 0.1 0.03 0.9 21.9 0.7
MW-10 3/28/2008 0.5 UJ 0.2 0.07 0.9 21 0.9
MW-10 3/19/2013 0.5 UJ 0.4 0.02 U 1.5 J 1 19.6 1

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Zinc
in mg/L

Salinity
in g/kg

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 8 - MW-12 Baseline and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

MW-12 2/16/1995 5 U 30 U 1 U 50 U 25 9.1
MW-12 5/17/1995 5 U 3 U 1 UJ 5 U 21.57 8.9
MW-12 8/15/1995 5 U 2 U 1 UJ 4 U 24 19
MW-12 11/14/1995 5 U 2.6 U 1 U 3 UJ 24.79 7.1
MW-12 2/21/1996 5 U 2.8 U 3.1 J 4 U 23.8 6.1
MW-12 5/20/1996 5 U 0.77 U 0.1 UJ 0.5 U 23.21 31
MW-12 8/16/1996 1 UJ 0.45 U 1 U 0.5 UJ 22.77 16
MW-12 11/12/1996 5 U 2.5 U 1 U 4 U 23.35 25
MW-12 3/26/2003 0.5 U 0.1 U 0.02 U 0.2 U 24.3 3.9
MW-12 3/28/2008 0.5 UJ 0.1 0.05 0.4 25 6.8
MW-12 3/19/2013 0.5 UJ 0.1 0.02 U 0.8 J 0.7 22.3 5

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Zinc
in mg/L

Salinity
in g/kg

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L
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Table 9 - MW-14 Historical and Stage 1 Groundwater Monitoring Quality Data

Well ID

Sampling 
Date

Alkalinity
in mg/L

Calcium
in ug/L

Iron
in ug/L

MW-14 8/16/1996 1 UJ 1.4 U 1 U 2 J 27.99 14 680 372000
MW-14 2/26/1997 5 U 4.7 U 2.5 U 6.4 J 25.52 9.4 690 312000
MW-14 8/28/1997 5 U 0.95 U 1 U 0.65 U 26.36 16 770 316000
MW-14 2/13/1998 5 U 4 U 1.3 J 4.7 J 26.09 16 810 311000
MW-14 3/26/2003 2 U 0.9 0.11 1.4 25.9 10 1200 331000 3970
MW-14 3/28/2008 0.5 0.1 UJ 0.02 0.3 U 25 17.1 1640 288000 3290
MW-14 3/19/2013 0.5 UJ 0.2 0.02 U 0.9 J 1.4 J 23.6 14

Well ID

Sampling 
Date

Manganes
e

in ug/L
Magnesium

in ug/L
Potassium

in ug/L
Sodium
in ug/L

Chlorid
e

in mg/L
Sulfate
in mg/L

Sulfide
in mg/L

Phosphate-
P

in mg/L

MW-14 8/16/1996 1140000 352000 8730000 16000 2000 2 7.2
MW-14 2/26/1997 993000 298000 7720000 14000 2300 1 U 7.4
MW-14 8/28/1997 1010000 305000 8190000 14000 1900 1 U 8.3
MW-14 2/13/1998 936000 298000 7360000 14000 2000 1 U 7.9
MW-14 3/26/2003 192 1050000 291000 8800000 2 U
MW-14 3/28/2008 166 944000 269000 7800000 13900 736 0.05 9.85 U
MW-14 3/19/2013

U - Not detected at the indicated reporting limit.
J - The associated value is an estimated quantity.
Blank indicates sample not analyzed for specific analyte.
Note - Arsenic data for samples collected 3/19/2013 were rejected.  Arsenic results are for samples recollected on 4/16/013.

TOC
in mg/L

Arsenic
in ug/L

Copper
in ug/L

Lead
in ug/L

Nickel
in ug/L

Zinc
in mg/L

Salinity
in g/kg
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APPENDIX A 
GROUNDWATER ELEVATION AND SAMPLING DATA 



Table A-1 - Baseline Groundwater Elevation Data (1995-1996)

Well Coordinates Feb-95 May-95 Aug-95 Nov-95 Feb-96 May-96 Aug-96 Nov-96

Well ID

TOC 
Elevation Norting Easting DTW Elev. DTW Elev. DTW Elev. DTW Elev. DTW Elev. DTW Elev. DTW Elev. DTW Elev.

MW-1 17.38 708437 1165208 6.58 10.80 NA NA 7.75 9.63 NA NA 5.39 11.99 NA NA 8.15 9.23 NA NA
MW-1A 17.68 708439 1165175 6.81 10.87 NA NA 8.05 9.63 NA NA 5.85 11.83 NA NA 8.42 9.26 NA NA
MW-4 18.01 710176 1164812 8.68 9.33 NA NA 9.27 8.74 NA NA 5.15 12.86 NA NA 12.10 5.91 NA NA
MW-5 17.19 709724 1163887 8.60 8.59 NA NA 8.53 8.66 NA NA 8.19 9.00 NA NA 12.01 5.18 NA NA
MW-7 17.08 710873 1163197 8.18 8.90 NA NA 8.80 8.28 NA NA 7.33 9.75 NA NA 10.40 6.68 NA NA
MW-8 16.92 710311 1163515 6.88 10.04 6.66 9.72 9.68 7.24 7.20 9.72 NM NM 7.00 9.92 8.72 8.20 7.20 9.72
MW-9 18.08 710995 1163102 8.66 9.42 8.64 8.95 9.26 8.82 9.13 8.95 8.03 10.05 9.40 8.68 10.31 7.77 9.20 8.88
MW-10 18.21 711320 1163495 8.38 9.83 8.28 10.75 8.78 9.43 7.46 10.75 5.98 12.23 8.50 9.71 9.36 8.85 8.30 9.91
MW-11 17.48 711581 1163724 9.01 8.47 7.07 9.75 7.86 9.62 7.73 9.75 7.77 9.71 12.70 4.78 11.61 5.87 8.70 8.78
MW-12 17.15 711055 1164178 8.55 8.60 10.58 11.39 7.25 9.90 5.76 11.39 6.33 10.82 8.80 8.35 9.94 7.21 8.70 8.45
MW-14 17.95 710196 1164036 8.58 9.37 12.57 11.18 9.07 8.88 6.77 11.18 5.82 12.13 11.40 6.55 12.82 5.13 8.10 9.85

TOC: Top of well casing.
DTW: Depth to water below TOC in feet.
Elev: Groundwater elevation in feet (MLLW).
NA: No measurement, well not sampled
NM: Unreliable measurement.  Refer to Port, 1996b.
Horizontal Datum is on Washington State Plane Coordinates (South Zone in Feet), NAD83

Hart Crowser
L:\Jobs\1747201\Data Report\Final\Revised Sitcum Round 3 GW Monitoring Tables1-9
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APPENDIX B 
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APPENDIX B 
CHEMICAL DATA QUALITY REVIEW AND 
LABORATORY REPORT 
STAGE 1 GROUNDWATER QUALITY MONITORING 
ROUND 3: MARCH AND APRIL, 2013 

 

Data Quality Review 

Seven water samples and one blind field duplicate were collected March 19, 

2013, as part of the Third Round of Stage 1 groundwater monitoring for the 

Sitcum Waterway Remediation Project.  Samples were shipped to ALS 

Environmental/Columbia Analytical Services of Kelso, Washington, for analysis.  

Samples were analyzed for dissolved metals and general chemistry parameters 

including total organic carbon (TOC) and salinity.  The laboratory reported 

results as service request order K1302526. 

Hart Crowser performed a data validation to assess whether analytical results 

met data quality objectives.  Data review followed the format outlined in the 

National Functional Guidelines for Inorganic Superfund Data Review (EPA 2010) 

modified to include specific criteria of the individual analytical methods.  The 

following criteria were evaluated in the data quality review process: 

 Holding times; 

 Instrument calibration; 

 Blanks; 

 Detection limits; 

 Duplicates, blank spikes, and standard reference materials; 

 Precision and accuracy; 

 Completeness; and 

 Data report formats. 

Following the data validation, the results for dissolved arsenic were rejected (R) 

due to zero percent matrix spike recovery.  The monitoring wells were 

resampled on April 16, 2013, for dissolved arsenic only.  The laboratory was 

instructed to increase the spiking amount from 5 times the method detection 

limit (MDL) to 10 times the MDL to determine if it would improve matrix spike 

recoveries.  The laboratory reported results as service request order K1303535.  

The spike recovery was improved, though still below project criteria, and results 

for dissolved arsenic were accepted as estimated values. 
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Overall Data Quality 

The overall data quality objectives (DQOs), as set forth in the OMMP were 

achieved.  The data for this project are acceptable for use with qualification.  

Detailed discussions are presented below for each analysis. 

Sample Receiving Discrepancies 

Laboratory Batch K1302526 

The receiving temperature for one cooler was 6.1oC, which slightly exceeded the 

method recommended temperature of 2 to 6oC.  Due to the slight exceedance, 

sample results were not qualified. 

Samples MW-14, MW-1400, MW-12, and MW-1:  The pH was out of control for 

sample preservation upon receipt at the laboratory.  The pH was adjusted at the 

laboratory, and sample results were not qualified. 

Laboratory Batch K1303535 

The receiving temperatures for both coolers were below the method 

recommended temperature.  As low temperatures would not significantly affect 

analytical results, no sample results were qualified. 

Samples MW-12, MW-7, MW-1a, MW-15, and MW-5:   The pH was out of 

control for sample preservation upon receipt at the laboratory.  The pH was 

adjusted at the laboratory, and sample results were not qualified. 

Inorganics 

Laboratory Methods 

The samples were filtered in the field.  Samples were prepared by the reductive 

precipitation option described in EPA Method 1640.  The samples were 

analyzed for dissolved metals by EPA Method 200.8. 

Sample Preservation and Holding Times 

Sample containers and preservation met requirements.  Samples were extracted 

and analyzed within holding times. 
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Instrument Calibration 

Instrument calibration was acceptable. 

Blanks 

No analytes were detected in laboratory method blanks. 

Detection Limits 

Specified analytical reporting and method detection limits were achieved. 

Duplicates and Blank Spikes 

Blank spike recoveries met QC criteria of 80 to 120 percent.  Laboratory 

duplicate relative percent differences were within QC limits with the following 

exception: 

 MW-5:  The RPD for nickel exceeded the control limits.  The result for nickel 

was qualified as estimated (J) in MW-5. 

Sample MW-1400 was submitted as a blind field duplicate of sample MW-14 

and field duplicate relative percent differences were within QC limits for all 

analytes with the following exceptions: 

 MW-14/MW-1400:  The RPDs for copper and zinc exceeded 20 percent.  

The results for copper were less than five times the reporting limit, and met 

the + reporting limit criteria.  The results for zinc were less than five times the 

reporting limit, but failed the + reporting limit criteria.  The results for zinc 

were qualified as estimated (J) in samples MW-14 and MW-1400. 

Sample MW-15 was submitted as a blind field duplicate of sample MW-5 for the 

arsenic reanalysis.  The sample and duplicate were non-detect for dissolved 

arsenic, and the RPD was not applicable. 

Precision and Accuracy 

Precision was assessed by laboratory duplicate analysis of sample MW-5 for 

metals determined by EPA Method 200.8.  The RPD between duplicate 

measurements was within QC limits of 20 percent for analytes with 

concentrations greater than 5 times the reporting limit or ± the reporting limit for 

analytes with concentrations less than 5 times the reporting limit, with 

exceptions noted above. 
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Accuracy was assessed by matrix spike analysis for metals determined by EPA 

Method 200.8.  Matrix spike recoveries were within limits of 75 to 125 percent 

for metals with the following exceptions: 

 MW-5 MS (March analysis):  Arsenic did not recover (0 percent).  The 

recovery for arsenic was within the control limits for the laboratory control 

sample, indicating a matrix effect.  Results for arsenic in the associated 

samples were rejected (R).  The samples were recollected and reanalyzed 

with increased (10 times the MDL) spiking amounts. 

 MW-5 MS (March analysis):  The recovery for nickel fell below the control 

limits.  The recovery for nickel was within the control limits for the laboratory 

control sample, indicating a matrix effect.  Results for nickel in the associated 

samples (MW-10, MW-14, MW-1400, MW-12, MW-1, MW-1a, MW-5, and 

MW-7) were qualified as estimated (J). 

 MW-5 MS (April analysis):  The recovery for arsenic fell below the control 

limits.  The recovery for arsenic was within the control limits for the 

laboratory control sample, indicating a matrix effect.  Results for arsenic in 

the associated samples (MW-10, MW-14, MW-15, MW-12, MW-1, MW-1a, 

MW-5, and MW-7) were qualified as estimated (J). 

Data Completeness 

Completeness for metals analysis measurements is 100 percent. 

Data Report Formats 

Laboratory hardcopy results and electronic deliverables met required data 

reporting formats. 

General Chemistry Parameters 

Laboratory Methods 

Samples were analyzed for salinity following Standard Method 2520B.  Samples 

were analyzed for total organic carbon (TOC) following EPA Method 415.1. 

Sample Preservation and Holding Times 

Sample containers and preservation met requirements.  Samples were prepared 

and analyzed within specified holding times. 
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Blanks 

No analytes were detected in laboratory method blanks. 

Detection Limits 

Specified analytical reporting and method detection limits were achieved. 

Duplicates and Blank Spikes 

Laboratory duplicate relative percent differences were within QC limits.  Blank 

spike recoveries met QC limits. 

Precision and Accuracy 

Precision was assessed by laboratory duplicate analysis of sample MW-5 for 

salinity.  Duplicate results were prepared for all samples for TOC.  Sample MW-

1400 was submitted as a blind field duplicate of sample MW-14.  The RPD 

between duplicate measurements were within QC limits of 20 percent for 

analytes with concentrations greater than 5 times the reporting limit or ± the 

reporting limit for analytes with concentrations less than 5 times the reporting 

limit. 

Accuracy was assessed by matrix spike analysis.  Matrix spike recoveries were 

within limits of 75 to 125 percent. 

Data Completeness 

Laboratory completeness is 100 percent. 

Data Report Formats 

Laboratory hardcopy results and electronic deliverables met required data 

reporting formats. 

L:\Jobs\1747201\Data Report\Final\Final Stage 1 GW Quality Report.doc 
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LABORATORY REPORT 
ALS/COLUMBIA ANALYTICAL SERVICES, INC.
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APPENDIX C 
June 6, 2013 MEMORANDUM 

SITCUM – MILWAUKEE NCDF GW MONITORING 
 



 

MEMORANDUM 
 

DATE:  June 6, 2013 

 

TO:  Scott Hooten, Port of Tacoma 

 

FROM:  Roger McGinnis 

 

RE:  Sitcum - Milwaukee NCDF GW Monitoring 

  17472-01 

 

CC:  Karen Keely, USEPA 

  

 

Introduction 

As specified in the Operations, Maintenance, and Monitoring Plan, Shewart-Cumulative Sum 

(CuSum) control chart procedures are used for the Stage 1 Sitcum Waterway Remediation Project.  

In 2008, EPA’s approval letter on GW monitoring said: 

“As stated in earlier correspondence, please note that once revised EPA statistical guidance for 

groundwater becomes available, EPA Region 10 may recommend revisions to the Standard 

Deviations currently being used for the CuSum approach.“ 

Per EPA’s request, this memo presents results of our review of revised EPA statistical guidance for 

groundwater monitoring data to determine if the CuSum approach should be revised to be 

consistent with the “new” (2009) guidance. 

Chapter 20 of the new Unified Guidance recommends the use of CuSum control charts as a useful 

and powerful alternative to parametric prediction limits for groundwater detection monitoring.  An 

advantage of control charts over prediction limits is that control charts graph compliance data over 

time so that trends and changes in concentration levels are easy to see. 

Based on the information from the new Unified Guidance summarized below, the current Shewart-

Cumulative Sum control chart procedure should continue to be used. 

 1700 Westlake Avenue North, Suite 200 

Seattle, Washington 98109-6212 

Fax 206.328.5581 

Tel 206.324.9530 
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Control Chart Assumptions and Procedures for Non-Detect Results 

Section 20.3.3 of the Unified Guidance provides new clarification of the underlying assumptions for 

CuSum control charts, the most significant being that, like prediction limits, they are also parametric 

procedures requiring normal or normalized data.  Due to the high percentage of censored (non-

detected) data summarized below, the assumption of normality cannot be verified. 

Monitoring Well Arsenic Percent 

Non-Detects 

Copper Percent 

Non-Detects 

Lead Percent 

Non-Detects 

Nickel Percent 

Non-Detects 

MW-1 100 % 79 % 92.9 % 92.9 % 

MW-1A 100 % 64.3 % 71.4 % 64.3 % 

MW-5 100 % 85.7 % 78.6 % 64.3 % 

MW-7 100 % 92.9 % 85.7 % 78.6 % 

MW-10 100 % 72.7 % 54.6 % 45.5 % 

MW-12 100 % 81.8 % 81.8 % 81.8 % 

 

The percentage of non-detect results is too high to use alternative methods such as substitution or 

censored probability plots to determine appropriate data normalization techniques.  The percentage 

of non-detect results is also too high to use recommended Kaplan-Meier or robust Regression on 

Order Statistics (ROS) to estimate the mean and standard deviation.  Alternatively, the Unified 

Guidance recommends that one-half the reporting limit be substituted for non-detect results. 

Substitution for non-detect results creates bias in both the mean and standard deviation of a dataset.  

Substitution of zero likely creates a low bias; substitution of the reporting limit would create a high 

bias; and substitution of one-half the reporting limit creates an unknown bias in the mean.  All 

substitution methods create a low bias in the standard deviation.  The Port is currently substituting 

the reporting limit for non-detects. 

Recommendations 

The current Shewart-Cumulative Sum control chart procedure with substitution of the reporting limit 

for non-detect results should continue to be used.  Since the control chart warning and control 

limits are based on multiples of the standard deviation and all substitution methods create a low 

bias in the standard deviation, CuSum control charts provide a conservative indication of 

concentration trends and early warning of concentration increases regardless of the value 

substituted for non-detected results. 

L:\jobs\1747201\Statistical Procedure Review Memo.doc 
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